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ft^-fSMtcJ: ot^^ix^C i: £1#fi&i:-rft¥#tt 

[ if mm 2 3 iwieiMtrc)£:KSj£*4M5ttJf ^mmm 

3cXt S^t^ft^ fife i t ztm t -t 

m&m i tztmcvmtmm. 
i msm 3 ] Hirf eTit^«c® t . tuies^^sa 
***fWi om&jf&co-r tirf o.i' aiTX'f) ft z 
t zmmb-tmxm i £ie&?>¥3¥tt?m 
[|»*jS4] awtjuc, frisTift^^Jii:. mm 

t/us-^a (ad > **ym (B) axwyz?*;* 

(In) *>^^SSf«0a*>^<i:t imv>l I I^tc 

X££% (N) t £*tr i i i ©rM h Ffc^-ft* 
[|**JI6] ffiSaHEA*. *7t>f TJ: 9 3:ft .!.!:£ 

mat -r*» *« 4 fcia®^^#^n. 

[fi*«7 ] h?is*«* s . mmm ( s i c > ± os- 

* i k Sr^st-rftif*3i4 tcestto^v^ni. 

mm. 

fmm. 

ittmm i o ] mm±^. mno? r * y himmz 
-ttfti&fiigts-wu 

mi? r-b >y Mi. IWETtt^fWB^EBBHctt LT 

[ mzm 1 1 ] fnES^«sa^^*«cJioja« 
KBB&isaft 3 ^ri*j tsftff & t . «*t -rft 7r-b7b 



KSffiff:RLT^£$ilCt£^fc-rftff*3Sl OK 

[ m$m 1 2 ] wkt«i¥3wwh t m imtsSLgmk 
x-^mwrn t omsjjmwrtiw o . i • art* ft «t 

a £ LfcCl 5^*: f ft ft *« 1 0 KfESiO^aSffc?? 
? Srffl v ^RiEtt-f ?r -y y J: ft c ^ 

•thmim i oiem^^f*:^oM3t^. 

A^77^tL^ RiS^Jj-yx-y^-y^ift^i: 

[ft^i 5] mmtR&&M&A-!mfam±iz . ^ 

yWIGa), T;U5X>7A (A 1 ) . *>7^ (B) 
fcilX-fy^A (In) *^^ft^a*>ii'-'5:<i:i, 

iao 1 1 im7mtmm <n> t^-trtf 1 1 itt^-f 

h7^f K-fb-^^^iiSr^-rftX^^Wrft.! 

i M%m 1 6 ] m£m!m&ni&*¥Pmm 

•7A (Ga ) kfflR (N) tiistsl I h7-f 

m i o (ciea<o^*fiffli^«at*ft. 

fiftcj: o xf&m-tz z t *wBkb-r&mtm 1 o i=ie 

[3*^9 1 8 ] M!ES^*>\ , t7T'f7KJ:|)It5r 

^t-rftit^ i o £nm^mma&)WBftm. 

im?Km 1 9 ] MESSZj&«. (SiOKi 

hzt £wa t -r ftif i o (ciBtt^tmvfmt^H 

•frftlS^Igi:S-WL. 

ffi^f-rftstc^-fft i b zmmb-r&imimmcom 
mum. 

[ if*js 2 3 ] ®nesti^^sa^^»flc«io^ 
mcommmmizmmd umz&gi- zmzmxtfL 
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Gmibto&Lxm&ztiz.b&¥mb+i>mtm2 2iz 

*.*m#m t com^m.cr>-rtit<o . i • arx-h & «t 
oizLtiztinwLt^tm^m2 2i l z§sM(^mfm 

[§mm25] mtmtRi&mzx-ixmicDyT^y 
2 2izim<7)*mimmcr>mm-%m. 

[ff*«2 6] mmtRfcmzZiXWMwyT*-/ 

yjmi>t< tmit-tr't mi>t< im^tr* s as- 
^xtzm^xmm-hJMX'hhztz'ftWLt-t&m 
im2 2 \,ztm<r>^vmwk<nm&xm . 
[ man 2 7 ] «riEaww*SBi^aMMi±t= . # 

Vyj* (Ga) . T^5->7A (A 1 ) . *>7ig (B) 
fcilZ-f y^A (In) A>£>=5:.f>f¥oa-^3r< fcfc 

iiwi i ijs7c*fca« (N) fct-ft-tti i ir-m 

W(Ga) kMfR (N) tSr-t-trl I Ifc-M h5-f 
MtefltfmWtcfc J: o XBfcth Z fc *1$a 
«2 2 t=^W*W{MWHO»3ftJ5r». 

2 9 ] MfeMlRj£Jlffi&*¥#ftJI£mfflj£ 
ftfttc J: iXW&i-Z Z k S^fc-TS W#iI2 2 

[ft 3 0 ] ffies^*^ v-7 r -r r\z x h z t £ 
Mkb -r *» 2 2 £m<&m4mwwsim&i. 

m&m3 1 ] msaBsw* m\3m (siow 
zztzmsLt-rz mxm 2 2 iz&mntmimmnm 

1 wmw 3 3 ] miTt&^mftmw. mumuzmm 

k£WL, 

IWE7 rt»Mi. WETift^fMi^ffiaiBfcW LT 
[ eg** 3 5 ] fSeai^Km^*flcJ|*e>fi31 



fc3tRi-ft*l*Ife:JHia«»fttT»lSSn3C:C4:S:«fai: 

-fsft^js 3 4 tcias*)*****?. 
[ it*JS 3 6 ] BffiBTffi^^/i k . msafftftftii 
&fr*mwmbn&i , B-ti®.<7>-¥titfQ. i*iaTc*« 

£ b *«fSfci"*»*3H3 4 fcEttWMMIFP. 
[ If 3 7 ] »t£±fc . mrfSTta^#«sJl b . huIE 
aHWJRftSii*^**^ £^ LT . tfU -7 A ( G 
a) . T/WS-^A ( A 1 ) , **7m (B) tJitf-O- 
i*7A (In) j^>£*i^3-W«5r<ki 18*>I I 
I&7C^kS3l (N) bZ&tsl I Ift-M h^-f H-ft 

Tyjxbmmbz&tsi 1 b^j vit&wmft 
£<o%&zb ztmb -t^mem 3 1 \zw&<^mwm 

*ftWLb-tz>mim3 nztmw^mfm?. 
[ffW<JS4 0 ] mim&Ltf. &nmm ( s i c ) x 0 

[|f^JS4 1 ] WSEKR^, #M B B H O^U -7A-^-f h 
[|f^4 2 ] li^TJfi^^®**, Mie««±(wll 

ith&L&JMb . 

ttE7T*7 frfiTifi^fWi^iiaiBfcWLT 

mcommmmizmm o u^nz^-thmm^mx^. 
gz&xmMR&skM&*¥mftm<vmmmi^m&T 

JSiBtc«e«» a arffltcffliMfig L . fflm-|> 7 r -fe y h 
*^OKjllK{4i:^LT. «lTiBieSffli:3SX-rS7j^ 

^#««sJi k O^HTj-ftO-mtf 0.1' UITT'*) !> i 
■5 1= L^Cl t Srl^Sk -rSfS*JS4 3 (c8Ett<^Niftc« 

[§S*«4 6 ] IfETifi^NiflsJB^ijcXe^. 7X 
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[ if *«4 8 ] mfiSS^^sa^^^iiitc . a 

'JW(Ga), T)V?i-*jK ( A 1 ) , *«7S ( B) 
toXXf4V*J*jJ*. (In) 3 
l«cr>l I iSJlTC^kSfg (N) fcfcatrl I lt$k-M 
b 7 A Hft^ft¥8WMISrja*^«XS*#t« 

W(Ga) fcS* ( N ) fc £*tf I I I fc-M h 54 
[ifl^Jg 5 1 ] mSSBBtf* V7rATiz£^Zb^ 

1 if «jb 5 2 1 ffiiESft* . mimm < s i c > tc ± 

3 ] flttSttK**. Wkti&tfV ^^i~A b 

[if^J55 5 ] fflfcJtfc. S^fttc J: oT«»W>7 
I" 

mnmnmwmizmm 0 ■fifaizmk-t&mzzmx&L 

[ ff*« 5 7 ] WKTiftiNIWMB k fUiaiSiRj&Kilji 

t ^f B M^)f^ o.i* wrx-b h ± 
^tct^^fc s: w ® t -r hmtm 5 5 i,z§mco*mftm 



im^m 5 s i fraesiR^tc x -oxmin? r * y 

5 5 izim<r>^mtm^<om^fjm. 

[if^5 9i mzmwf&mz£'>xim.cr > 7T*'y 

7- a m i> l < itm.it->- a mi> l < itmtr^ $.-*7&z 
^xrzm^xmm-hJMX'h&z.tZ'mwLt-t&m 
im<5 5 izim^^mim^mmifm. 

'J^fGa), TH-$-*7J* ( A 1 ) , (B) 

axr/A (in) ^4»^rl>P<op*>^<fc t 
18*01 I I^7U#tMS (N) fcfc^tfl I imi-A 

b?A b^&m i mft®ztfLg:-t&xnt:&-r&zbz 
[ft^a 6 1 1 HfriesiR^*aa^*«^® * . a y 

W(Ga) fcSBR (N) tt*tr I I I h9-f 

F-fb-^i^^^i o xmm-h a t zmtb-t&ms 

£ o T - k -T *it*« 5 5 izii 

msm63i ms.wsLW.*r7T a riz&hzb* 
mtb?&m^5 5izim<o*mwm?com&m. 
imeme 4 ] mzsmtf* mmm ( s i c > t <t 
set &wak^4m«3a5 5t=ie«^»«*F<io« 

[ if *ji 6 5 j mimmt\ %.m&<v*r o^^i-Ab 
y a Fiz£&zbz&mb^&m#m5 5<7)im<7)*m 

mime 6 ] miT&mtoMw. wssmzmm 
mf8.ztitzzb*imb-rz>m*m5 5^mco^m» 

Mb Ztt&¥&imi!^l,zBf&Ztitz¥m#mttft 
b tfW&& tvtz*m*m=Ptt L . mi7 r -fe -y h ti , 

[ ifl*^ 6 8 ] HinEjMiRj&flSii^^fWf 4>c0Sii 

miiTM*mftm<?)7 r-t v bfrt?mzTt&* 
mwmcommsmmizimmo^mizmiSiW^t. 
-rz>7r*vb frb<nmfflm.b lx . sraeiEBM 

-r sif 6 7 tzm^mamm.. 
[if^JS6 9 ] a«±^. im.<r>7 Tt? h*^j$ 

^rr&^^raHR^jaxet , 
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rtvh *>WJ $ ftfcTtffi^ffr/l 5: ^)£-r ft IS h . 

mi*mfmmz¥&timttmmjii-tzTmb izx 

Ml £7 r -fe v Y <i . KrieTtf!^f*:@^)ffiSffitW LT 
[000 1] 

t k d it A> <^R3e*ftfc:«*> ft . 

[0002] 

ifi*P, A 1 G a I n N$r£ftf> I I I ^ 

:*-r-' (Light Emitting Diode; LED) 3ri:<7)¥^#: 
fBfrr^-f x^lMfce^BSfcfrixh.T ^ ft . 

«£l*Lh3-£*fc*>fc:, ffl&«ig03foW#&ixft#3S#: 

if ^Hfflflid*** &*iT v^ft . 
[0003] SjgTti, A 1 G a I n N^^l^— «f 

Yy4 Y (GaN) J: ^tch^*/? tMO\LX I I I 

JKMfflE&K (Metal Organ icChemical Vapor Deposition 
; MOCVD) mz£>0&£:Z-£&Ztt l z£r). MiS 
iZH (t ft 3 0 0 B^llOjIigEfSSfr'jijfc $ *VC ^ ft ( Jpn . 
J.Appl.Phys.35L74U996) ; |5jt£36L1059(1997)). 

[0004] u&»u &miz£z>mmm<7)tmmmz& 

l,z£WM1ri LX v % ft i t tfftfrh . £ n-Sftcomm t 

wmikxyjSL&Rtf* i x i o 8 -1x109 m/c 

^AiftftSSft) ^^TLTV^ft^tA^i.'b^ft. Lfc# 
ot, 177B#Sm±0^fflW^$r^-rft^^(i, 

z<?>mfflfcGL<?>®Bizimf ft c o . a* 

O&fttf&SflTOft. 

[00 0 5] mm. %<r> — ?tcfi. t7r-<7SI<?) 
±KA-y7rJ!£:f|-L-CGaNJi£^j£U *4>±fcl 
~4jumi|§<0^#O2lM^& (S i0 2 )i0 : 3:ft 



mzmm-t ht&iz. z<7)~?x7m<r>±.i,zj\7-4 y$ms 

lR*8j*\ MOCVD^tCiOG a.Nm*mJjftlZM1R 
mz&L£:Z-tt&Jj3;tl < mmZtlX^& (Jpn.J.Appl.Phy 
s.36 L899(1997), J. Appl.Phys.71, 2638(1997)). Z<DX 

oiz. mmwm.^xtjm^muuzmixm&i-h 

G a N JSfrh G a N £ SitRj&ft $ *ft «I i: fc ± -> X -?X 
9 M±lzm Ljgo X G a N^*« Zm-ftfalZ^tfii- ft 
ft Si0 2 -7X7Ji±tCi3ftftGaNJI 

<0KjBK&<7)?&gti. 1X10 7 fl/cm 2 gJglC^T" 
fl£*C* ft ♦ 

[0006] -eLT, ^WMJffl^tfflSL^lSl 
(7). A 1 Ga I nNSMmWfcU-- fm^Wft^tZZ 
fcfcj: 9 , 115 Ol$llia±^lfflW»tfo£l8£$i2rft 
£k* f '>jBlfc: : 5:-?T£-CV'>ft (Journal of Crystal Gro 
wth, vol. 189-190 p.820-5(1998))„ 

[0007] 

[ffews&L.kdk-tfti"®] tz^x\ laLfc"? 
li, -vxtmjkt. *<7>mnutx'te. cmm^mz 

^0. 4° ~0- 5' *§JK<^rt#£tft.I #31 
BH# <b <o«Wf mz XiXtyc>fiHz%->tz. 

[ o o o 8 ] * lt, a (^ B B B ^{4c-m$r*-r 

»^0<KT^Olttt±^ii5^ i: * ft . 
[0009] ±aiL^id(C. GaNlf« 
flw0JSftffl3£«i: LTii. «itf-9-7 r>f T»R^S i 
C«^*^ffl$tlT^ft^\ CfL^<7)S«(i. ZV1.1Z 
^$^ft G a N3^^t jaR^WRKSBfiRR*** 
*<»flr&fctf>, ^ix4»^««±(:GaN^^$r« 
S$ -itft k . i <^>|R*JB t«tl* if <^X»3W64. L , ft 
mcom^H^^G a N^#«s2:^$*ft Z. t *WC' 

feft o 

[ooio] -ec-c. bu^l^: j; a (c n®mz9.mk 

ft G a Nil < y 7 r /f $r^r r A T 

m&h^^ts i CIlhCML, ^<o±t. ^«co 
SiO 2 fcJ:ft-7X^®$:Hlt^raPi5:t^T^tJt 
f^(C. ^c7)^-7X^«racoPP^$rjltTGaN«?r 

<?&mt,z±ixffiVrLfzi&$k. -?x?m<?)±.i}tmn® 

T-fcL cm&Fn-XmzftO . 4* ~0. 5' SJg. ISA 

2rtt(c-W.#& t ft i t **»bjs ^ . 
[ooii] «t a tc. cfs^A^ic-ffi^bft 

Oti, GaN#Si0 2 -?A7±.*ffijjftl8.g : -tZ,m 

iz. s i o 2 -?x?m±X'H. mnwnztt / <&aiSL50> 
Utotz-rtuMi t?>tztbX'$> ft . 
[0012] zlx. *mme>0>Tm i &?m6mm. 
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^fatc-ftttf&t h Z b C X 0 s *S#kKP(S##ASft& 

#0^. 1fM£S i 0 2 ~?A7<7)1jm&. < 1 1 - 2 0 
>Hfi]X\ f£i<9*§£\ < 1 - 1 0 0>3fr[6Hct£5£Lfc 

-fft#£tS<?){i. ±tC7X^trC*&S i O, k. G 

2n*Hft*fc*SV*"C, Si0 2 vx? L5rlt*l«f 
^i^rktefc-S. 

[0 0 13] L3&»l***^. i^sio 2 ixrmit. 
[ooi4] ztiizKL. vat. ares* 

[00 15] 

[f$SI£B?&-f &£*>?>*&] *JWH#^» 

U:7 r-fe «y h®£*>wt i>n.mm&.Z i k 

k £3£BJU Z.tit,z&\,->X¥f%.mmzt$^ 

mmw;tiLc?)®mtMmik2ti. feasor 

^k^ffcSSSk i*L4><0*S3a*i£Sr jiasi-CSofc. 
[0016] *»BBt= J: 4*N**»B8i , Mfc<07 r -b 
•y b^il^J^ii^TtfS^^k. icoTffiiNMtJi* 

#m<?>7T±v m*. znrwmwmnmmmiztiL 
xTm-rhmzx^xwfcZixh. 

y 7 ^.yh tffiffl $ tifz Tta ¥«ttJf k . z conform 

ill, ^hhmtRgi^mL^^mwm^mzh^i 
z<D±.iz¥mfam*mfcrz> z t tz£r>x*mtm=?t: 

Bfc?&i><7>X'$) 0 , *0>y r-fe «y h**, Tifi¥#ftil 

[0018] ifc, *9&Rtz£&*mfc8imt* ±5*L 
fei|m«*FS:»jR-f & £ k £ J: oTlfjft LfcJ|itt#3$ 

[0019] ±j&<^mm». &mmmzv*m 

ntzGL. 7r-b7Hi Tt&tmftmnwiwmztt 
Lxm^tzwrnt LxBtiLZtih. 



[0020] z^wmmmkizk sss i cowmum 

li , 7 r * y h *WJ $ WtTift^mifMi^ 7 r -fe -y r- 
v^btfA^fi^nXKioT^lfcLT, Tift* 

a. m^nTv&p&to-mn&fomz, -?x?zmfo 

U IMiV^^ELO (Epitaxy Laterally Over 
growth) tCi ot 7 T-fe y h £:fr**Tift¥«MWi*» 

[0022] UfiLfci? ^SBWtCti^NMWI 

*m&m?. ^mm&zvzixbnwmmkiz 

i><r>X'h^x. zcoffi&izx&tz. z<r> x Mmf$.£:M& 

x.*mfam iz± i h nwmtf. 7rt7h*> 

i*i, ttb%T&*mteMn%mmi<zt l mmo?jfat / zm 

ftff^L. W47r'fe7 ha^^KSilEftk^L 
T, TiW^iloEaMk^Xi-S^tSffiff^t 
•C±tl.c:k<7)B!SBfl^S< t^)T't50. ^^ffi^il) 

■&gS^J^ht*5V^ , SilSSM* { ?&k« t * v «aWB 

[0023] 4fc. *fHBTIi. S i 0 2 m<r>-?7.7tf 
Mtb&&tLtzffi&LZ\B\T&VttZtl,zJ:iX. wi&Ltzte 

ftjtt«Dfin. c«t»ft*(a<^*wo«*«>iiiasft4 

t COT'S) 4. 

[0024] lt. *jwit: x ttmwm^tmfc 
icb^ Ltz^wmcoi&xm®mffimz¥mftm z Fco& 

h. 

[0025]^. *ft,mziitt& 7 r-b y h<7)M®(4. 
Mv^-TS&^-r^ti^ k J; 0 . *o»**tticJ: 

[0026] 

a.mi izzcD^nimffimmz^-ti. o c 

7r-b-y M*TO$iX^Ji.(?GakN (SS) k$- 

*tn 1 1 4 wt-£®*mmz±&TM*m 

«sJ12k. ClOTta i l £ «f* : Ji2 5:Sd0yx.{f|5l^. G 

akNt^ttii i i^-f H9-f Fit-smtmrnz* 

T«> i i i ««sii2<y)Ea®A^ML-C<iSff-r4ffit«}: 

[0027] i<oa»?js*aa*iN»*Ji3 + 
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[oo28] ztiizx-ix. Ti&¥mftm2±*m^x 

[ o o 2 9 ] 4^. #fgnj§£ £& 3 m#mm<7)tti<7)-j& 
ma. ®2£*<?)-m<?)vmmmmt:7FrtJ:o^ mi 

-fe y h l*<iOT$ii)tT«'*«fWi2*«»jSS*iX:«jS 

k-ri>. 

[0030] J: 6*3»#affll<J5fl!l 

fc, <rUf£CH^7r-'f7\ &iV>US i Ci*)&tm 
«6£tfU Z<7)liM6 a_L(C, A' 7 7rS7^L 
T, T*112t»*L. i 4>Jbte 7 r-fe>y hi #<I2?!| 

[0031] st, &tz. *&wiz xztmfammcom 

#£Aoi I byj K«k 9&S*t£6£ 

^l±I6aiC, Sit^r-fe-y M*»lE?iJ§ 
ft* I I im-M 9$r*T«l*m«Wi2jWB 

[0032]**:, *«i!8tc «t *3^*tt»Ktf>SSfc:fl!itf> 
JBSRUU l!5M28fc-Ui-?;hJK-rJ:3k:, 01—124 

3±tc^'';-7^ (Ga), t/vs^a (ad,*>> 

* ( B ) fcJtM (In) 3&»^^SP<?5a *>^- 

%<ti>imcr>I I I®l7C3ikg3t (N) k &i£t3 I I 

wet, T*<0S^5^;M s 3i^3OJt5ra{4j&« 

[0033] *%HJt«t *¥*flc*?OlCII0B!B(±. W 
Ittm 1 H14 T'^ L^^fo^JSOjMiKf&gilii** 

m#m<?>. {&xf&®Bm$5 (c^wHtfro^nsK k & 

[ 0 0 3 4 ] *fMBtc <fc -S^fr^^fl!!^^ 
lyU{£[24~08T'^Lfc#«ttjg|gt^Li^ 

msftm 8coi&xv&®mim 5 iz^m^m^ eyj?* < k 



[0035] jBL H2~H8(Ct5^T. 01 k*JJE-f& 

[0036] _BfiUi*»JSt=J: -5>¥3¥«3?§|I3, 
Tifc#3$tt/1 2 k . 3!^£tI&*¥*fUI 3 k <4, * 
t:T1&*m#m 2 k jRttAAS&a^ilfMi 3 i«x b* 

[ 0 0 3 7 ] i»c, *SMHfc: j; *i|mft3NR0)K&3r& 
0-^S6Jg®$rll9fc J;lX01 0 5r#BltTiJi B y1-r-S.. 

S^6SrfflSL. *(?)Cmiz£& l±®6a±{C. H$ 
<rU<£30 nmCOGaNj^&^N'y^r/^Sr, flaR 
(fMOCVDatiOmffl^-rS. ^MOCVD 
{4, fiaRfcT, MffiuEMt: 5 2 0°Cb L, JBRtf-fctcliF* 
OXJ-tUtfOVAXX ( (CH 3 ) 8 Ga) t7^- 

(NH 3 ) JfflV^. 
[0 0 38] Z.cO^vyrmiUz. 
0iR{fMOCVD^C e I;'5, GaNi O&'&TtliSJf 2 £r 

tf 1 0 5 0 *C i: ~th . Z V>TM¥&fcm 2 UtM 

^ffl&T^&mzvki-nmm&di)^ muz 1 x 1 0 9 

/cm 2 ^itV^jgtff^rS. 

[0039] «HrVC. EI9 BlC^J: -5 TflS^#: 
JB2±fc:. -7X^9*^^;$^^,, Ci(0vx?9{i m 

*.irTM*m#m2±.iz±mi*}iz. ms.ummz.tt45 
o'cx-cvDrnzji^Tmummftcos i o 2 mzm 

/\-?-yx.y^^/LTJ&£-f&. ttte-h, Si0 2 

»0BIRIfc:JBfft^4. Z<?>y* hU ; Jxb^-?x^ tL 
T, Si0 2 Jl^X-yf-y^-r^Clkti^T, Xh7 

-fr^pa9wj&^fiS:$ix7t-7x^9$:^fS;-ri>. i 
o-7x^9ii, ^xh7^r(i, mitt < 1 - 1 0 0 
>#fa (E9tfcVvCiffifflkl£3<-f£:fr|6]) {CM^LT 
BfliLZtl. <1 l-2 0>*lft|fc:BflW)iaH*t-5Til 

[0040] mtttT -fehy (CH 3 COCH 

3 ) k*r?y-/P (CH 3 OH) fc:J:*8G#fcffv\ 5E 
tc, #«?L^i$ (HC 1 ) *^«i;?6f?L7t7-yS? (H 
F) tc09itf l 0#ra?ISL^m, i^KtJ; O^-T 

[0 04 1 ] ggvvc. S^tt-f^-yx-yf-y^ (R 1 
E) IZX^X^X? 9<omu&9v!ft*MtRmz3:~,T- 
yf-Th. z<?>b%. Sio 2 ®tcisvx^^9t# 
'Jmyj-yrStizzblzX^x. M9CI,Z^£o 

9 w<7)i|i*>U»f 4>ix.S> k 1 1 fc:, Ttfc¥&ftcJf 
2 (c*f LT t x - y Tryytf+j; § BrBairU <as' 
^<7)?f}l OtfiBfoZtih. mz. ioi 7 fy / '^ 

«ts c k tc i 0 . mizm 1 0 *^ < h^mtfh a b iz j; 
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^xmi oA^-tidtc 9fimmzti. m*) 

6 o m i o o±«*<fflstciiffl l , mm 3 ^jbox h ? 

7&££*ll>. $1 0£^j£-T6RI E»i, WitfWT 
^MRIE^K^ffl^T. BC1 3 £N 2 tS-fflUT. 
1 5 WtfV 2 0 mTorr ^frt'fl 3 CI t rfX'Z 

S. i^a^RIE^ff^tCiot, <1-10 

0 >-n^z%^thx v v4 7 1 1 oMisoffiK-eii-m 

SKEtW LT-f^*)^T«I^fl£ii 2 fc*f LT 4 5 * 

[0042] *<0», §*tfc£«i 6 £ 

"7 -yBt ( H F ) I, . fHHiC»rf 4 S i 0 2 

[0 04 3] zcoXolzLxmmtZti. yr-tyhl 

-t$r;b^< 1 1 - 2 0>;frr6]K?GoT-r&fcVF*ffi¥& 

t7M #>£>cOjS;*a^ ^ o T , 110 
fiStf, £«>j£*£RK^^4fcT%^fWI2<7>E 
BiBfc:«L£XU £^EBiB!:tJ»Sittfrl*l^l:ja« 
a*5r$*iT, Tifi 3 NWWi2*^fl5«fc:«->rGaNfc: 

JKSrl 0 5 0'CtU iimtfXfcLTT^-TtfXi: 

If . 1 0 U * Y)V/%b &&><F>mm.X°T> : £~7i) 
X£«L&*<£>. ^*aLS* { tt^4xzm^Jti:^-l»J:o 

[0 044] CKOiaCU. 121 OBfcScTidk:. 

» 1 0 n z 9 ix^ izm&b&AsX'mmtfzpmtz titcmiR 
[0045] a fcLT»j«Lfca!«is*ffla^ 

7 r-b y hi OffiX'TM^mtem 2 tc#*t*|£fl[ d 
tf. Zcr>yT* yhlX'®til~r&Zt tfimZtlte. L 

i,znmi-hn{tLdi}K x.-y^yrizz&mi oofflast 

lTJBftU T«i¥«g#Jf 2<7)ESB. -«r*>^a«6 
V\ *l/C, ffl*ff $7r-b-y Mj&»fc<ttl«Uft*L 
h 1 *» ^> WMKia d L . TflfcNHifWB 2 <7>ES® 



* LX±-Jj(tzmx/xn< £ fci otS«S12^¥ 

#fW13C;l3»t**tfBa?J8i, 1X107 /cm* tcjfejr 

[0046] u«s-5t. RMiige*^ 
®8.iz&fci-6-&x$m%.m®4 *<mi-t&tiK znu 

**mw*ji3U;, sio 2 maswftfiOT*?**- 
~?hzt%<. TW*mtem2twm&Lx^bztfr 

[ 0 0 4 7 ] ,1 *>«k 5 lz LX , RaUOBafK^tMSX 

[0048] <j?i^ *muz x h^mmm^ms^m 

[0049] Cl<OW=J3^tt>. «itfCH-9-7r-fT 
iSimtt, WiJfMOC-VDffiiCj:*}. ±I6a 
±tC09itf»$ 3 0 n mCOG a N «k 0^rl>^' v 7 r JR 2 
$r^fi!t-rS. i«i:SO»|RaUS«Witf5 2 0«Cfc 

Ls amxr^tthu-xf-^u^A^ ( (ch 3 ) 3 

Ga) t7yt-r#7> (NH 3 ) SrfflV^. 
^77t17«±C, MttfMOCVDfttii), |B|« 
^LTGaNiO^^Tifeill 2*mWti&mMz.li 1 0 
5 O'CT'2 m mOJl$ fcTfflCJEJjS-f & . 
[0050] A. y 7rl7lt fiSTIftftd-^IMUl 
t=5fiv«ft*J:0 ! SrD. TttlSl 2 

COTtfeiil 2««S^J:0 : 3r , 9. « 
^|6]tC®^milSg{ad*il X 1 0 9 ji/cm2 ws. 

[005 1 ] CO^iBTHyi 1 2±lC, 7Tt7 h**K 
WSftjfeTift^NWMitJEWW-ifc^fc. 01 1 Blc^ 
-#-«): 3 fc. ^mW^atRlftSSIf^ffliJfS i0 2 tcj; 

1 3 2:, ff$^Jx«i'5//mT\ <1 1 
^OXfrfatcEtf&Xh^rtfSrSrU <1-10 
0>^[SJ(C1 2/imWe7f, mi.im5tJLm. ^Pi7 

1 3cr>&m±. MtlfCVDmizX*), 

s«iajg0ijx(f4 5 o'cts i o 2 mz^ffimzB®. 



:(9) 000-1 64929 (P200 0-629 



[0052] zcom. rthy (CH 3 COCH 3 ) t 
>^;hKCH 3 oh) izXVrftftZft^. Mfc, # 
^L*:JgB? (HC l ) *^{S^i8?LA:7-yK (HF) ic 

1 o®mnmmLtz&. muzzoimztfo. jsk. 

77g(HF) fc-MMC«L . jSifa&R-v'X? 1 3 com 

□ 1 3 w£iitTJi-siucfsm-f &TtfcJi 1 2<r>mm^n 

[0053] *<?)f&, SIiRj£J|-?*? 1 3 fc. 

-?-ohp 1 3v?zmix?\-mzmm.LfzTim 1 2± 

fc. 0iUJfMOCVD£k:J: 0, GaN«fc 
&Ttfi¥&f*Jf 2 £ , -7X^13 ±.izm v & ISM 
*-Ci£*3tfT. j«*«iHcJWIIW*3AJ!MJW><l 1 
-2 0>*|6|fe:SEt^4^h9-f7 , l ljOTEflBftftSfu 
#xh7-fn laHffiBtc {1-10 1} KiSCffi 
izft LX-?%£>*>Ti&*mfam 2 coRWmzft LX %) 6 
9 * h y r-fe «y M a^fi^ft^Ttfc**! 

#:JI2*^-rS. dOif^oMOCVDUu (yUJf, 
fflg&Jg 1 0 5 0'Ci: U m®tfMZiiTy*:-T*fA 

t hv ti-wjvj^tfz&m^xffo . Mtfamzii, 
mm. 1 0 v -y viv/ftt ^0 ^tbcomMxry*:- 

XKMiZltl. 

[0054] KWt. y -xiS ( H F ) fc-HHzjJW-£ k 

-rs. rtby <ch 3 coch 3 > t^^y 

-;KCH 3 OH) IZX 0afe»*1fV^. IK, «RUfc 
Si(HCl) 4fctt«RLfc7 7i (HF)tlO» 

[0055] *<Df&, :«7rt7M W$mi&J&Ztl 

fzT®*mfom2±.izmiRmz. mtfMocvDst 

i 0 , JfcMtOG a N J: h w^twstj&mfcm 3 

z.<r>&m$. mm. *«i 1 
0 5 o'Ch l, s^xtctiry^-rTyxi; h im* 

e> . jj»a*a«4 mx^m^t x o iz m> * 

<9«J: 7 i: , 7rt»HWH!S*.t4ttT 
tfi*#*ii2coie^JBtc»o < 1 1 - 2 0>^T|6lK?ftd 

otWS 7rt*/M frbOfSMWm* lot . x 
Yy^ri lHOiftl 0l*)#Si6ji£*l&fr\ doj&g 

HI 2 Btc^-TJ; olz. Tt&*mfcm2 Sr^WCS^ 

tt«3#Jfcll^j£$fl.&. 

[0056] i^fctjv^fc. ajfi^saosfci 

4«JWcJ:*fc, ZcomiRf&mz£r>X&J&LtiyT-t 



vhllZfflLXi*. 7Tt-/M T'SilKft d <7)JS 

T c SfiTj [6] fcSHSIff RSW h W$L\t , 7 r -fe y M 
TJSfflL. Tift¥#ffcJl 2 <7)ffig®f =5:^>*>S« 1 fc 

HlOBTUMHLfcfcHaMc, ffiJttS7r-b7 h 
1 -Hx-eixJ&K LT *0>jS**W Sfcofci:^ 
T\ fflSfrf S?T-fe-y M A»4>03lBffida*&£U Tift 

oTS^*ffia^^®3{c*5(t^»^:Pfi?&«ii. 1 
x 1 07 / C m2 t^-rs. 

[0057] U^T, SilRCfcWB 

ill>. -eLT, Zco£olzLX&f$.ZtiKmiR&£:t£& 
^#1311 Si0 2 

-r-s>^i:^<, Timi2kmmmLx^z>ztfrt > m 

[ 0 0 5 8 ] j; a (c LT , StiW0«»**HS^«X 
9fM 3 Sr W-f S^f^M4 0 fcjftjtr* i k 

5±.iz*m\m=t-ibh wt^wmwtm&thtFm 

[0059] ajcfKBfc: J: & ¥31**^4. 0"Ji.{f mf^L 
feH 1 ~H 8 Ltiffimz J: 5 ^*?S^ 4 Olcio 

xffi$L-tz> c t ^'t-f h . *muz£ &*mwmm- 
mti&Biz. iai 3i l z^co-mcowimmmm^-rxo 
iz. *mfommttmm-z>zttfx%h. zomiz 

i3V">"C(4, SCH (Separate Confinement Heterostruc 
ture) M^afWsU— r-Sr«J&Lfc*&"C*4. 4fc. 

flcU— 9-'^*^5r^BSiL^«BK. tL<t4H6K^L 
feiH«fWiit4 0tC*J»t*4^»fls«8fc:*J^T, 

[0060] HI 3\,Z&WX. m2&£V : m6lZttfci- 

z>%WHzii. m-ttnztti-xmmwMii^&tf. 
zcomiz&^xiz, m&&w&* 3 m#M3±£.. z 
tit'tim 1 mmmmx. (4* n mom \cr>^v-9 9vm2 

1. 11^77^122, lglC0^>f KJi2 3fc*«I 
<^x f ^ v -v /H&g L , i <^)±KvS14ii 2 4 . ^-fbRfi 

iUi 2 5 , H^-en-eix^ 2 mwmcom 2 oxj vm 2 

6. m2C0?7-y Hil2 7. 3y?;M2 8*W 
[006 1] hi!2 8±(C{4, mtHS i0 2 

\,z&&imm2 9tfw&&ixz>. «iii<c.xe^ 

=Jfv-r;^^0-^tC, *fe^®2 9ffl3*^^1^3y^ 
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7hM2 i£BS , *4ffiB4Tx>yf->'* r 3l£JBJ£U 

^iiot^; hJi2 i<7)isag8^i<oflSB3 1 

ttz. ««*29fcHl 3fc 

3 y ? ? h S*ut35 2 co^fife 3 2 ZBfct & . 
[0 0 6 2] Ctf)***!*^. C<7)CTT'«i^»f*:U— (f 

m 9 is i 12 1 0 T-tftHJ L£ k Rtt^Slc i . S 
« 6 ±£^* »7ri7t^U7TtyM tfKfll S*i 
fcTft^WfWi 2 . jBSWtSaa^^fWi 3 

JI2 1 , Mllf&ZO. 5/xmcOS i JttL^nlA 
1 GaNrEfBlCiS^lO^^v H®2 2. <?lJ;c<£J*£ 
0. Um«Si»^nilGaN|:,t:gl^ 

#4 h'H2 3* i )i<J:xe^Jf^^;u^§it'l>. ttv* 

T . <5Ufi'ff£ 3 n mOi^f #Filk . J?S 4 n rnc^A 
UTJtOWS^'4 nmCOGa I n NiUiitf>^£A : f#F 

«jg^isai±a2 4*«xt^=3f^;^«$<xS. K 

(,zm^XmHiB^20 nmiOA 1 G a N (Cj: S&MURS 

tipm<r>^wezi<7)M s Sr^&p pm.<r>mmw 2 o . 

0. 1 GaN?g^lCil>m2c0^7v H 

J127, WiHTJf $0. 5jLim^pI«GaNl^:J: 
JpI^2<7)3^? b®2 8?rJiS<^xf^^->A';P 

[0063] IMV&m&m 2 1 ~2 8(4. 
«uSg8 0 0~l 0 0 0°Ck U T/l'S-fA^fiM 
XfcU-Cdh'J^f-^TyUSx^A^ ( (CH 3)3 

ad. tfvvjxommbL-cithVj^tfw&tf 

x ( s i h 4 ) . -?y*i/VJ±<n>WM#*t LTlitrx 

= ^f-;U^y^n^.y^v ; x-;U-7^^ , >-^^ (M 
eC P2 Mg)^t'X = yy?o^^^-'^ 
^AffX (Cp 2 Mg) Sr^-etLfflV^ik^f* 

[00 64] ^®2 9{i. muzcwmzj: 

Jf28t^2^«63 25r^-S v ?lZj&&t&i><r)T 

h&tiK z.<r>nm3 2<r>mmt. V7h*?mz 
nwumuf ? * wis* vmz ? * v *j v ? 4 



®GE3 2£?^r&. 

[0065] -e^, 3& 1 0«@3 1 OJgJfcSM:*^ 
t\ tfelUf 29. 3y^?M28, §S2tf>?5-/KJl 
2 7 , S&2<9#4 K« 2 6 . &4Wj£M2 5 . vStt/t 2 
4. miV>tf4 H«2 3fcJ:D f fi51^9>y F«22£ 

.Lie. T i , A 1 isitf Au*»«*Wfc*83!l»LT» 
lcom®2 1 £Jgj£tl>. 

[0066] Jd&OXK^a^JWSS^fM^ 1~ 
2 8 tt. HTJfi Lfc J: a tcSHRJfcftSfc*^** 3 fcfc 

fiW)«***«tf>Tffl;< . «ffcB2feJ:tfB6fc::&tt*ffi 

[0067] -ttctyh . ±3fiw«i&fe:«J: 
>frttHJP2 9wSrJlt"C» Sf52tf)*ffi3 2a t » 
7 M28^ny?7 hgBTKfcwt. ^14B24tc 

mmm^tih^bip^. Ah? j ri i^±*t> * 

2<D9m3 2cr)a>?7b&. + **>^tt»JB 2 9 Ol» 
P2 9w«fS. 

[0 068] LT, «SS3 1 fcitA'3 2 SrJB^tT 

X^XWML. z<^mmiz&^x#ffi&$gM$:i&fct 

[0069] znmmzi.htmwv-^-^ii^x. 
mmxx/^mms 1*3^1^3 2iatc«cs'i*ioii«s: 

ffo i k lei 2 4 tcm^'SiEA^tL, VP- 
[0070] £Offij£fc<k6¥##f83fcSI? , -T=5r^*> 

Sria-S.^k^T-^1). 

[ 0 0 7 1 ] H 1 414, J: i^siWWR^, 

mx\ zcDMxit. m3&£VM7 iztjkLttftmzx 
z<nmiz&^xi>. s c Hffim.iz£h?mfoi>—f£ffi 

f8.Lfc1&&X'$>&. 

[0072] zcomur, *mmzm owmrnmku. 
mumi \&ixmi2xw i J\LK-ffi}kZ&hz\tti i 

1 3TUiBHt^kl5]«om*3<tV r iSit^2r^«»-k 
[007 3] @14tCi3V^. H3, H7*3«kt^01 3 
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[00 74] Z<r)miZ&\,\T t . 01 3lZ£&!mtt;ls 

[ o o 7 5 ] ft. *wm* iMLtzmtzmfeztiz t 
o-c'(i 3 Sr<. a^<7)^*^rfigT'*i>. 01 1 

m^umt. <i-\ooxr>-}j^zm^.Lx. in 

- 2 2 > t A I. C Etc** LXttfr-hTM^mftm 2 <T> 

&wmizttLxm5 8° omnz^&yT-tv h 1 £ 

BfcthZb i>XZhtcb\ 7r-fe y M^MS^rifij. 

[00 76] Witf, HI 3;fcJ;tf01 4tC*JV^ 

T, #¥&f*;Jl2 1— 2 8«0#mS*^ ±i$i:t2i£<9*¥ 

await i/nii i vit-smzmtk, ? 

Kch-h. Al, Ga. BJoitfl n JOSH* 
titz'J?%<bi> I I^TE^i:. N (fit£) 

[00 77] ttz. ±3£Lfzmxi*. SCHflfii, 

h-hmtem2 4£mA,xmit5£x/m2<7)micotf'( k 
M2 3&XV2 Ltzw&xhh 

t)\ H 4 r-'JffrlSSS/vSr^DH (Double Hetero)tg# 

n<?>nmz£h*mw\'-~f-. aswan*^ 

[ 0 0 7 8 ] ifc, #|&BJ1K A ft^mWtc^Ftt. 
^ M^tfFET (Field Effect Transistor ; MR® 

mbyyfx?)* k^tmwm^itmfcth z t #x- 

[0079] ttz. *%tmz £&*mfamwii. ±*bl 

*m#m=Ft:. &m<v*miiz£&im#®m±.£i&tfL 
Ltzmmi£}smw.k-t&zki) i X'Z&. z<n>m&iz&\^ 

T(i. 0i^8WJiLfc#^flsSlR£, 09H2 
1 2TRHJ!Lfc:fri£fcJ:-*TfBKU WcWitfHl 3 
* 6 Ui0 1 4 T« L fcttJftfc J: i ^ X *m 

'thZblzJ: -oX%2> Z b & . 
[00 80] COiS^cfc^Tt. Ittfiic-f 



[ 0 0 8 1 ] ft. mtf^fteftlslB8gS£ffij£-*-* 

mm. Ltzttix. wm®&ffl&5<mm$mm 

mmzBfcthlzWtt>ti& l><DX'te%^. 
[0082] titttXttz. ±u&mM<r>Bmiz&\,^x 
it, &m&miz. mocvds, Y9nust3Sk 

tc«t *)j8.£kZ-£Zi%r£rl,zn^xmtyLfzi>\ 
9* is— (Molecular Beam Epitaxy ; MB E ) 
ib<?>iffl&g:miz£*)tfiMZ-£2>Zkl>X£2>. frUtf 
i tmftm2 l~2 8cO^$rMBE^>yN7^ K&Sri: 

om<7)ftfQi$.M:mz a vmm-h zti>x%z>. 

[0083] 

mmm=F. ^m^mmaxi/zti^mm^miz 

-^Tm^-t^t^dtm^b-ytizbizx*). *mtb 
mttft<wj>-%< t i>Mft®<7)Bf&mzi$if&xv&®m 

tto&tzWZit* Z b ZZt, ttz . S i 0 2 
[01 ] *fl^ti4iNWWBKw— IIM0gJB^)--0J^ 

[02] *^Hjtc j: § ^tmm<m<?>mmBme>-m 

[03] ^^Hfltc a h ^tmmcr>m<r>mm&m<r>-m 
<nwmwmxh&. 

[04 1 *miiz£Z¥mimm<m<ommBme>-M 
nwsmmwxibh. 

[05] * jMBjc j; h *mimmcDtti<?)$mBBco-m 
(Dwmmmmxhi. 

[06] a t ^immntitxrmi&Bmco-M 
eysmwmmxhh. 

im7\*m\\,z£&*mwmm<^<rmmmr>-m 
^w&mmmx'hz,. 

[08] *%imz i. h *mtmm<r>i&(r>9mB®cr>-m 
<r>mtmmmx'$>&. 

[09] A-cti, *®,mz x h i mimmv>mm.jrm 
<7)mmBmco-M(?>jLnm (%coi ) xb&. 

[010] Afcit^Bti. *%BJtc«i:|,^ft:^J10$S 

Wf&w— <r>m$mm<r>— mwxnm ( 2 > -c-* 

[011] A -C(i % *%BJtcJ;i,^^JltoMit* 
8tf>-0iJ<7>Iig0 (-eoi ) T'S>i,„ 
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[Hi 4 1 x&mzx&^ft^mTni&nmnm® 
mmmvhh. 

1 • • • 7rt7 K 2 • • • Ttft¥#ffrJl2. 3 ■ • 

■ um&m&**m#m3 * 4 • • • nxvm&m 

«L 5 ■ • • fiXKftJKi&tfL 6 • • • S#L 7 ■ • • 



A-y7rJI. 8 • • • fc&fa*m#m. 9 • • • -?x 
7. 9w • • • PJCh 10- • • 11- • • Xh^ 

4t\ 1 2 • • • rmm. 1 3 • • • 

2 1 • • mico^yf? bM. 22 • • • SS1<0?7 
•y H®. 2 3- • '11 c7)XT-f H®. 24- • • vStt 
2 5 • • • Jfrftt&jUi, 2 6 • • • S2^M K 
1. 27 • • -m2C077 ybm. 28- • • 35203 
y?:?hJf. 29- • -ffliim. 2 9w- • -HP. 3 
1 • • ■ micom. 3 2 • • • &2<DWM. d • • • 
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